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This study aims to investigate the causal nexus between energy consumption and natural economic growth
for 119 countries from all over the world having at-least 30 years of available data on candidate variables,
including 30 high income OECD, 13 high income non-OECD, 65 middle income and 11 low income countries.
The study employed Granger-causality in the frequency domain approach for empirical analysis, which
allows one to examine the causal nexus over different frequencies and thus provides relatively a better
picture of the causal nexus between the candidate variables. In particular, we examine the temporary (short-
run) as well as at permanent (long-run) causal nexus between energy consumption and economic growth.
The empirical results suggest that 18 countries (including 5 high income OECD, 2 high income Non-OECD, 10
middle income and 1 low income) confirm the existence of feedback hypothesis, 25 countries (including
4 high income OECD, 3 high income non-OECD, 14 middle income and 4 low income) confirm growth
hypothesis out of total 119 countries. Similarly, 40 countries (including 6 high income OECD, 6 high income
non-OECD, 27 middle income and 1 low income) suggest conservation hypothesis, while, 36 countries
(comprising of 15 high income OECD, 2 high income non-OECD, 14 middle income and 5 low income) holds
neutrality hypothesis between energy consumption and economic growth out of 119 countries. The finding
of the study suggests that an appropriate and effective public policy is required for all sample countries both
in the short and long-term, while considering sustainable economic growth and development.
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Globalization and market liberalization have brought many
constructive changes where hundreds of millions of people
enjoy obvious progresses in their material as well as social well-
being. In this whole development and improvement, the vital
role played by the energy sector alongside is not ignorable.
Because, heat, light and power are the essential factors that play
an important role to build or run the factories and metropolises
that offer goods, and jobs etc. Therefore, energy is the life-blood
of growth process and “oxygen” of the economy2. Lindenberger
and Kummel [1] expounds that in conventional economic the-
ory, energy as a factor of production is either ignored entirely or
credited only marginal value. The reason is that energy’s con-
tribution in total factor cost is minor compared to the cost
shares of capital and labour. Many other studies indicate that
the role of energy has been mostly overlooked by economic
theory3.
In fact, Physics indicates that energy is essential for eco-
nomic production and growth, while, the mainstream eco-
nomic growth theories, except for specified resource econom-
ics models, give no consideration to the role played by energy.
However, models developed by the resource economists have
been included the role of resources consist of energy in the
process of economic growth but these opinions remain sepa-
rate in the field of resource economics. Ecological economists
repeatedly attribute to energy the dominant role in growth
process and consider that energy is a key driver of economic
growth and development. The mainstream economists mostly
pay coverage to capital, labour and land are the principal
inputs of production, while goods such as fuels and materials
are intermediate inputs. Thus, based on the mainstream
economists’ views, the prices paid for the various inputs to the
proprietors of the primary inputs for the goods and services
offered4. The classical macroeconomic growth theories mostly
concentrated on the role of labour and capital, while ignored
the role of energy resources which, visibly, have an indis-
pensable role in the process of economic growth and
production5.
History tells us that energy consumption and economic
growth causal linkage has undertaken massive attention in the
energy economics literature after 1970s energy crises. There-
fore, since 1970s, a vast of erstwhile studies has endeavoured to
search the connecting association between energy use and
economic development in both developed and developing
countries. Some studies demonstrate that the enhancement in
energy demand is due to the civilization and industrial devel-
opment occurred across the world6.
The available prior studies on energy economics reveal that
there are four opinions about the causative connection between
energy usage and economic growth. The first opinion claims
that economic growth Granger causes energy usage, known as
‘‘Conservation Hypothesis”. Many prior studies support the
conservation hypothesis (e.g., [8-13] and [14], among many
others). The second opinion discloses that energy usage Granger
causes economic growth, known as ‘‘Growth Hypothesis”. Sev-
eral previous studies support growth hypothesis (e.g., [15,5,16–
21,14] and [22], among many others). The third opinion indi-
cates that there exist no causality between energy usage and
economic growth, called “Neutrality hypothesis”. Numerous2 World Economic Forum [2].
3 Hall et al. [3] and Ayres et al. [4].
4 Stern [5].
5 Stern and Cleveland [6].
6 Masih and Masih [7].prior studies support the neutrality hypothesis (e.g., [23-26] and
[14] among many others). The fourth opinion suggests that both
energy u and economic growth Granger cause each other or
bidirectional causality, known as ‘‘Feedback Hypothesis”. Var-
ious former studies support the feedback hypothesis (e.g., [27-
32,14,22] among many others).
The existing literature shows that the association between
energy use and economic growth is an extensively studied
research topic, but, the empirical findings are yet murkier and
incompatible with respect to the direction of causality. For
example, Kraft and Kraft [33] find unidirectional causality run-
ning from Gross National Product (GNP) to energy use for USA
during 1947–1974. Nachane et al. [34] observe unidirectional
causality running from per capita commercial energy use to per
capita real GDP in the cases of Argentina and Chile, whereas
bidirectional causality is observed for Brazil, Colombia, and
Venezuela. Stern [35] finds no evidence of causality between
total energy consumption and GDP during 1947–1990 in the
USA. In a similar study Stern [15] observes that energy is a
limiting factor in growth process and shocks to energy supply
will be likely to mitigate output in USA during 1948–1994.
Soytas and Sari [36] suggest that bidirectional causality exists in
case of Argentina, while, a unidirectional causality running from
energy use to economic growth is found in France, Germany,
Japan and Turkey, whereas, a unidirectional causality running
from economic growth to energy use is found in case of Korea
and Italy during 1950–19927. Thus, the study discovers a causal
linkage in three out of the nine emerging markets and four out
of the seven advanced countries.
Ghali and El-Sakka [37] find that in the short-run dynamics
of the variables reveals that Granger causality is flowing in both
directions between economic growth and energy consumption
for Canada during 1961–1997. The empirical findings of Chiou-
Wei et al. [25] 8support a neutrality hypothesis for South Korea,
Thailand and the USA during 1954–2006. The empirical results
on the Philippines and Singapore expose a unidirectional caus-
ality from economic growth to energy use, whereas energy use
have effect on economic growth in cases of Indonesia, Hong
Kong, Malaysia and Taiwan. The panel causality test of Lee et al.
[29] study indicates bidirectional causal relationship exist
among energy use, the capital stock and growth for a set of 22
OECD countries over the period of 1960–2001. Odhiambo [38]
uses two proxies for energy use namely total energy and elec-
tricity consumption. The study suggests that causality test
exhibit that there exist a one way causality from total energy
use to economic growth and a prima-facie causality running
from electricity consumption to economic growth in Tanzania
during 1971–2006. The Granger-causality results of Apergis and
Payne [19] study reveals both short-run and long-run causality
running from energy consumption to economic growth for a
panel of nine South American countries during 1980–2005 and
therefore favours the growth hypothesis.
The empirical indication of a dynamic panel error-correction
model of Dobnik [39] study signify a bidirectional causal linkage
between economic growth and energy use in both the short-run
and long-run for 23 OECD countries during 1971–2009. Lau et al.
[40] study shows that causality running from energy consumption
to economic growth in the short-run, but the long-run causal
relation exists from economic growth to energy consumption for7 While in case of Argentina (1950–1990); Indonesia (1960–1992); Korea
(1953–1991); and Poland (1965–1994).
8 The study utilized some developing countries from Asia namely Indonesia,
Hong Kong, Malaysia, the Philippines, Singapore, South Korea, Taiwan, and Thai-
land. The USA from developed countries is also investigated in order to compare
with the Asian countries during the period under the study.
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find there is no causal indication between economic growth and
energy use in the short run for 15 MENA countries during 1973–
2008. The empirical findings of Fuinhas and Marques (2012) study
indicates bidirectional causality between energy consumption and
economic growth in both the short-run and long-run in Portugal,
Italy, Greece, Spain and Turkey during 1965–2009. Thus the results
support the feedback hypothesis. Abid and Sebri [42] conducted an
empirical study in order to investigate the causal relationship
between energy use and economic growth in Tunisia during 1980–
2007, whereas, undertaken both aggregate and disaggregate ana-
lysis. The study reveals that the empirical results of estimations
are mixed during the period under the study. However, the study
of Abalaba and Dada [43] finds weak results to support long-run
linkage between energy consumption and economic growth in
Nigeria during 1971–2010. Even the study observes no reciprocal
evidence one way or two ways between energy use and economic
growth. Therefore, the study summarizes that energy use has
positive effect on the economy only in short run. Aslan et al. [44]
find that energy consumption causes economic growth, however,
the reverse is not correct at the original frequency of the data in
the USA while using data from 1973:Q1 to 2012:Q11 on a
quarterly basis.
Pao et al. [45] suggest a unidirectional short-run causality run-
ning from energy consumption to economic growth and a bidirec-
tional robust causality between the two in Brazil during 1980–2008.
Bhattacharya and Bhattacharya [46] examine the causal linkage
between energy consumption (i.e. electricity, coal and petroleum)
and economic growth for India and China during 1980–2010. The
empirical findings for India reveal that in both short as well as in
long run, bidirectional causality exists between coal consumption
and economic growth while a unidirectional causality runs from
petroleum consumption to economic growth. However, in case of
China, a unidirectional causality is detected that goes from eco-
nomic growth to coal consumption and from petroleum con-
sumption to economic growth. Saidi and Hammami [47] observe
that there exists a bidirectional causal linkage between energy
consumption and economic growth only in the long-run for Tunisia
during 1974–2011. Similarly, Shahateet [14] evaluates the link
between energy use and economic growth for a set of 17 Arab
countries9 during the period 1980–2011. The empirical outcomes
support neutrality hypothesis in 16 out of 17 Arab countries, results
of no causality from economic growth to energy use and the other
way round, suggest that energy conservation will not have a sub-
stantial effect on economic growth and similarly economic growth
will have statistically insignificant impact on changes in energy
usage. Dedeoglu and Piskin [22] suggest that there exists a uni-
directional causal connection that runs from energy use to eco-
nomic growth in long run but not in the short-run for 15 countries
from the former Soviet Union countries and Commonwealth Inde-
pendent States regardless Russia during the period of 1992–2009.
The Granger causality test of Azam et al. [48] study indicate that
there is no unilateral causality in case of Indonesia, while, the
economic growth caused energy use in Malaysia out of five coun-
tries from ASEAN during 1980–2012.
A major issue with the existing studies is that they make use of
Granger causality test taking into account only time domain.
However, the direction of causality may vary across different fre-
quencies as well. Thus focusing only on time domain gives partial
picture of the causal relationship between the candidate variables.
Therefore, the main aim of this study is to examine the causality9 Countries are Algeria, Bahrain, Egypt, Iraq, Jordan, Kuwait, Lebanon, Libya,
Morocco, Oman, Qatar, Saudi Arabia, Sudan, Syria, Tunisia, United Arab Emirates
and Yemen.between energy consumption and economic growth by taking into
account the frequency domain approached introduced by Breitung
and Candelon [49]. Using this approach we analyze the causal nexus
between the said variables at all possible frequencies, ωA ð0;πÞ
taking annual time series data covering a large number of countries
from all over the world including all income groups (high income
OECD, high income non-OECD, middle income as well as low
income countries) classified by the World Bank. We would like to
emphasize that this is the first empirical effort investigating the
causal nexus between energy consumption and economic growth
using frequency domain approach covering a large set of countries
from all income groups. The empirical findings will assess the
validity of each of the four hypotheses regarding causal nexus
between energy consumption and economic growth namely, con-
servation, growth, neutrality and feedback hypotheses. The out-
comes of this study will guide the policy makers of these countries
regarding the energy and growth acceleration macroeconomic
policies. Hope these policies will stimulate further economic growth
within the boundaries of clean environment. In addition, the find-
ings will add largely to the literature on hypotheses pertinent to
energy use and growth causality.
The rest of the study is structured as follows: Section 2 presents
the methodological framework covering data, its sources and the
econometric methodology used. Section 3 deals with the empirical
results, while Section 4 concludes the study.2. Methodological framework
2.1. Data and its sources
We use annual time series data on real gross domestic product
(GDP) per capita (constant 2005 US$) represents economic growth
(EGrowth) and energy use (measured in kilo ton of oil equivalent) as
a proxy for energy consumption (ECons) for 119 countries in the
world. The countries are subdivided into different income groups
including 30 High income OECD, 13 High income Non-OECD, 65
Middle income and 11 low income countries. The selection of
countries is upon availability of at-least 30 years of data and due to
unavailability of data, we use different time span for different
countries. The time span is mentioned against each country in the
empirical tables. Variables are taken in their natural logarithms, i.e.
lnEGrowth represents natural logarithm of economic growth and
lnECons denotes natural logarithm of energy consumption. All the
data is taken from the World Development Indicators (WDI), the
World Bank database.
2.2. Econometric methodology
The Granger causality test proposed by Granger [50] has been
used comprehensively to examine the causal nexus between the
candidate variables. However, this test has two major draw-
backs. First, as noted by Lemmens et al. [51], the causal direction
may vary across different frequencies which are not taken into
account if we base our analysis simply on time domain to
examine causal link between the candidate variables. Second: if
the variables under consideration are non-stationary then they
are first transformed to stationary by taking their first differ-
ence. However, in this way, long run information is lost.
Therefore a better is approach is required to overcome these
drawbacks. In the present study, we employ Granger causality
test in frequency domain proposed by Breitung and Candelon
[49] to examine the causal nexus between natural logarithm of
energy consumption (lnECons) and natural logarithm of eco-
nomic growth (lnEGrowth). This test allows one to examine the
causal nexus over different frequencies and thus provides a
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ables and thus overcomes the first drawback. To overcome the
second drawback, we augment the standard vector auto-
regressive (VAR) model with one lag following Dolado and
Lütkepohl [52] to avoid taking first difference of non-stationary
variables to make them stationary.





vector of time series (xt and yt) observed at time t¼1, 2, …, T. We
further assume that wt has a finite order VAR representation of the
form,
Φ Lð Þwt ¼ ut ð1Þ
where, Φ Lð Þ ¼ IΦ1L…ΦpLp is a 2x2 lag polynomial with
Ljwt ¼wt j. The vector of errors (ut) is IID with zero mean and a
positive definite covariance matrix Ω. There exists a Cholesky
decomposition H0H¼Ω1 with H and H' as lower and upper trian-
gular matries such that E εtε0t
 ¼ I and εt ¼Hut . Making use of this
decomposition, we can express the VAR model in (1) as a movingTable 1
Causal Nexus between lnECons and lnEGrowth (High Income OECD Countries).
Country Time Period lnEGrowth ⌿ lnECons
SR LR
ω¼0.5 ω¼2.5
Australia 1960–2012 2.105 0.435
Austria 1960–2012 7.341** 3.063
Belgium 1960–2012 4.807* 3.171
Canada 1960–2012 0.144 0.203
Chile 1971–2012 4.98* 0.167
Czech Republic 1990–2012 2.202 1.671
Denmark 1960–2012 1.685 1.654
Finland 1960–2012 0.458 0.941
France 1960–2012 0.377 0.26
Germany 1970–2012 1.297 1.635
Greece 1960–2012 7.435** 12.966***
Iceland 1960–2012 7.462** 7.666**
Ireland 1971–2012 24.625*** 24.623***
Israel 1971–2012 0.839 7.227**
Italy 1960–2012 1.431 1.433
Japan 1960–2012 0.143 2.138
Korea, Rep. 1971–2012 2.081 2.837
Luxembourg 1960–2012 1.523 1.551
Netherlands 1960–2012 1.936 1.097
New Zealand 1970–2012 1.34 2.744
Norway 1960–2012 2.235 2.485
Poland 1990–2012 0.703 0.677
Portugal 1960–2012 4.583* 4.531
Slovak Republic 1984–2012 2.523 1.115
Slovenia 1990–2012 2.628 3.609
Spain 1960–2012 1.339 2.069
Sweden 1960–2012 0.642 0.654
Switzerland 1970–2012 2.258 2.113
United Kingdom 1960–2012 2.375 2.114
United States 1960–2012 0.939 0.907
lnEGrowth ⌿ lnECons denotes the null hypothesis: H0: lnEGrowth Doesn’t Granger Cau
lnECons ⌿ lnEGrowth represents the null hypothesis: H0: lnECons Doesn’t Granger Cau
SR¼Short Run, LR¼Long Run, N¼neutral Hypothesis, C¼Conservation Hypothesis, G¼
*** denote significance at 1% respectively.
** denote significance at 5% respectively.
* denote significance at 10% respectively.average representation: wt ¼φ Lð Þεt ¼
φ11 Lð Þ φ12 Lð Þ






where, φ Lð Þ ¼ Φ Lð Þ1H1. Using this representation, we can
express the spectral density of xt as:f x ωð Þ ¼ 12π φ11e iω
 2þh
φ12e iω
 2. The measure of causality proposed by Geweke [53] is:




. We say that y doesn’t cause x at fre-












φ12jcos jωð Þ ¼ 0;
Pp
j ¼ 1
φ12jsin jωð Þ ¼ 0.
Thus the null hypothesis of no causality at frequency ωϵ 0;πð Þ
can be testing by standard F or Wald statistics which follows an F
distribution with 2 and T-2p degrees of freedom. Where, T and p
respectively represent the total number of observations and thelnECons⌿lnEGrowth Causality Pattern
SR LR SR LR Overall
ω¼0.5 ω¼2.5 ω¼0.5 ω¼2.5 ω ∊ (0, π)
3.117 1.197 N N F
1.423 6.428** C G F
8.764** 9.831*** F G F
5.507 9.093** G G G
1.095 2.366 C N C
0.198 0.432 N N N
0.998 1.4 N N N
1.175 1.014 N N N
0.58 1.377 N N N
1.345 2.519 N N C
3.181 0.715 C C C
6.388** 14.993*** F F F
2.703 2.831 C C C
1.682 2.341 N C C
0.736 0.255 N N N
1.675 0.01 N N N
2.853 3.434 N N N
9.374*** 1.057 G N G
3.294 1.45 N N N
2.118 0.704 N N N
0.841 1.511 N N C
2.508 2.61 N N N
4.802* 4.505 G N F
3.759 1.846 N N G
2.068 2.567 N N G
1.359 1.86 N N N
1.646 1.057 N N N
0.721 2.454 N N N
1.467 2.089 N N N
2.607 1.031 N N N
se lnECons.
se lnEGrowth.
Growth Hypothesis, F¼Feedback Hypothesis
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criterion (BIC) and 2 is the number of restrictions tested. Following
Ciner [54], we examine causality at low, ω¼ 0:5 (also called
temporary or short-run causality) and high, ω¼ 2:5 (also called
permanent or long-run causality) frequency.3. Empirical results
The study evaluated four alternative and equally plausible
hypotheses concerning the causal nexus between energy con-
sumption and economic growth both in short as well as in the long
run. In addition, it examines causality at all frequencies ranging
from 0 to π. These hypotheses have a significant policy implication
across the globe.
Table 1 shows the results of frequency domain analysis to
determine the causal relationship between energy consumption
and economic growth in 30 high income OECD countries. The first
two columns contain country names and time period taken
respectively. Then we have results of frequency domain analysis for
both hypotheses (H0: lnEGrow does not Granger cause lnECons vs
H1: lnEGrow Granger causes lnECons and H0: lnECons does not
Granger cause lnEGrow vs H1: lnECons Granger causes lnEGrow) in
the short run (at low frequency, ω¼0.5) as well as in the long run
(i.e. at high frequency, ω¼2.5). Thus providing estimates of Wald
Statistic at low and high frequencies. Last three columns summarize
the main findings in terms of supported hypothesis, in the short
run, long run as well as at any frequency within the given range, i.e.
ω ∊ (0, π). This means we are not only analyzing causality in the
short and long run but also for all possible frequencies ranging from
0 to π, thus getting a clear picture of the causal nexus between
lnECons and lnEGrowth for all countries.
It is evident from Table 1 that among 30 high income OECD
countries, two countries (Belgium and Iceland) in the short run
while only one country (Belgium) in the long run support feedback
hypothesis. Four countries (Austria, Chile, Greece, Ireland) in theTable 2
Causal Nexus between lnECons and lnEGrowth (High Income Non-OECD Countries).
Country Time Period lnEGrowth⌿lnECons
SR LR
ω¼0.5 ω¼2.5
Bahrain 1980–2011 8.601** 8.035**
Brunei Darussalam 1974–2011 3.098 3.104
Cyprus 1975–2011 7.325** 4.471
Hong Kong 1971–2011 3.326 0.262
Lithuania 1990–2011 4.663* 5.55
Malta 1971–2011 1.628 0.113
Oman 1971–2011 4.426 4.938*
Russian Federation 1990–2011 8.905** 1.821
Saudi Arabia 1971–2011 2.545 0.328
Singapore 1971–2011 2.449 0.102
Trinidad and Tobago 1971–2011 1.255 1.325
United Arab Emirates 1975–2011 2.411 2.874
Uruguay 1971–2011 5.139* 8.811**
Note:
***denote significance at 1% respectively.
lnEGrowth ⌿ lnECons denotes the null hypothesis: H0: lnEGrowth Doesn’t Granger Cau
lnECons ⌿ lnEGrowth represents the null hypothesis: H0: lnECons Doesn’t Granger Cau
SR¼Short Run, LR¼ Long Run, N¼ neutral Hypothesis, C¼Conservation Hypothesis, G
** denote significance at 5% respectively.
* denote significance at 10% respectively.short run while three countries (Greece, Ireland, Israel) in the long
run support conservation hypothesis. Three countries (Canada,
Luxembourg, Portugal) in the short run while three countries
(Austria, Belgium, Canada) in the long run support growth
hypothesis. Further note that, twenty one countries (Australia,
Czech Republic, Denmark, Finland, France, Germany, Israel, Italy,
Japan, Korea, Netherlands, New Zealand, Norway, Poland, Slovak
Republic, Slovenia, Spain, Sweden, Switzerland, United Kingdom
and United States) in the short run while twenty three countries
(Australia, Chile, Czech Republic, Denmark, Finland, France, Ger-
many, Italy, Japan, Korea, Luxembourg, Netherlands, New Zealand,
Norway, Poland, Portugal, Slovak Republic, Slovenia, Spain, Swe-
den, Switzerland, United Kingdom and United States) in the long
run support neutrality hypothesis.
The last column of Table 1 provides some very interesting find-
ings. For example, for Australia, we see that neutrality hypothesis is
supported both in short as well as in the long run however, a feed-
back hypothesis is observed if we test the null of no causality at all
frequencies in the given range (0 to π). Similarly, neutral hypothesis
is observed both in short and long run but growth hypothesis is
observed when we consider all frequencies for both Slovak Republic
and Slovenia. Note that the results provided in the last column of
Table 1 are obtained from the plots of Wald statistics obtained at all
frequencies ωA ð0;πÞ provided in Fig. A1 in appendix.
Overall, we can see that out of 30 High Income OECD countries,
feedback hypothesis is observed in 5 countries (Australia, Austria,
Belgium, Iceland and Portugal) while growth hypothesis is supported
in 4 countries (Canada, Luxembourg, Slovak Republic and Slovenia).
The conservation hypothesis is confirmed in 6 countries (Chile,
Germany, Greece, Ireland, Israel and Norway) while neutrality
hypothesis holds in 15 countries (Czech Republic, Denmark, Finland,
France, Italy, Japan, Korea, Netherlands, New Zealand, Poland, Spain,
Sweden, Switzerland, United Kingdom and United States).
These results are consistent with previous studies on OECD
countries i.e., Mahadevan and Asafu-Adjaye [55], Chontanawat
et al. [56,57],58,, Jinke et al. [59], [19,60], Ozturk [61] etc. TheselnECons⌿lnEGrowth Causality Pattern
SR LR SR LR Overall
ω¼0.5 ω¼2.5 ω¼0.5 ω¼2.5 ω ∊ (0, π)
0.614 0.959 C C C
2.729 3.639 N N G
2.076 2.087 C N C
0.639 1.689 N N C
5.453* 0.716 F C F
6.902** 0.688 G N G
0.325 1.926 N C C
6.088** 0.869 F N F
2.482 6.135** N G G
0.868 0.129 N N N
2.199 0.388 N N N
2.648 1.885 N N C
3.748 3.735 C C C
se lnECons.
se lnEGrowth.
¼Growth Hypothesis, F¼Feedback Hypothesis
Table 3
Causal Nexus between lnECons and lnEGrowth (Middle Income Countries).
Country Time Period lnEGrowth⌿lnECons lnECons⌿lnEGrowth Causality Pattern
SR LR SR LR SR LR Overall
ω¼0.5 ω¼2.5 ω¼0.5 ω¼2.5 ω¼0.5 ω¼2.5 ω ∊ (0, π)
Albania 1980–2011 2.133 11.896 3.469 1.755 N C F
Algeria 1971–2011 4.172 2.132 3.841 2.197 N N C
Angola 1985–2011 5.772 4.03 1.703 1.077 C N F
Argentina 1971–2011 1.202 4.115 1.977 0.526 N N C
Armenia 1990–2011 21.728 3.819 0.31 0.506 C N C
Azerbaijan 1990–2011 1.877 1.041 7.108 6.93 G G G
Belarus 1990–2011 12.538 8.487 32.375 17.922 F F F
Bolivia 1971–2011 2.313 1.155 0.195 0.155 N N C
Botswana 1981–2011 10.632 0.416 1.11 0.675 C N C
Brazil 1971–2011 1.292 2.093 12.154 6.518 G G G
Bulgaria 1980–2011 3.083 2.72 0.742 1.076 N N N
Cameroon 1971–2011 0.176 1.927 0.608 0.112 N N N
China 1971–2011 0.685 1.861 0.237 4.305 N N N
Colombia 1971–2011 2.868 1.964 1.345 5.025 N G G
Congo, Rep. 1971–2011 4.394 4.634 2.686 1.072 N C C
Costa Rica 1971–2011 2.403 5.226 3.113 2.652 N C C
Cote d'Ivoire 1971–2011 0.616 0.923 6.001 0.316 G N G
Cuba 1971–2011 2.566 1.597 3.763 0.117 N N N
Dominican Republic 1971–2011 0.823 2.357 0.173 0.372 N N N
Ecuador 1971–2011 3.528 7.715 0.112 0.463 N C C
Egypt, Arab Rep. 1971–2011 3.801 1.874 3.963 7.841 N G F
El Salvador 1971–2011 2.894 3.619 0.458 0.379 N N C
Gabon 1971–2011 3.401 4.205 4.789 3.696 G N F
Georgia 1990–2011 15.621 4.402 6.54 6.572 F F F
Ghana 1971–2011 5.888 8.116 2.252 0.021 C C C
Guatemala 1971–2011 3.038 2.543 9.453 7.031 G G G
Honduras 1971–2011 4.056 4.248 2.932 0.624 N N C
Hungary 1965–2011 4.29 5.153 2.093 0.76 C C C
India 1971–2011 1.829 0.097 3.412 5.521 N G G
Indonesia 1971–2011 1.675 1.142 0.824 0.712 N N N
Iran, Islamic Rep. 1971–2011 1.255 1.229 3.7 5.15 N G G
Jordan 1975–2011 0.971 1.232 1.841 1.097 N N N
Kazakhstan 1990–2011 10.844 0.047 54.301 3.367 F N F
Kyrgyz Republic 1990–2011 0.533 2.148 20.572 2.574 G N G
Lebanon 1988–2011 5.744 2.087 27.735 1.789 F N F
Macedonia, FYR 1990–2011 2.939 4.012 0.121 0.256 N N C
Malaysia 1971–2011 4.968 3.349 2.104 0.201 C N C
Mexico 1971–2011 0.093 4.745 1.542 2.012 N C C
Moldova 1990–2011 1.242 1.457 7.681 1.167 G N G
Mongolia 1985–2011 8.924 4.391 1.413 0.598 C N C
Morocco 1971–2011 7.871 0.868 0.134 3.683 C N C
Nicaragua 1971–2011 0.47 0.602 2.592 3.634 N N N
Nigeria 1971–2011 0.789 1.088 0.196 0.004 N N N
Pakistan 1971–2011 3.087 4.953 0.003 0.516 N C C
Panama 1971–2011 5.761 9.458 0.957 1.624 C C C
Paraguay 1971–2011 5.712 0.181 1.566 2.208 C N C
Peru 1971–2011 4.784 4.925 0.406 0.637 C C C
Philippines 1971–2011 4.294 3.668 6.066 5.925 G G F
Romania 1980–2011 4.998 5.672 9.46 5.815 F F F
Senegal 1971–2011 0.817 0.246 4.274 0.055 N N N
Serbia 1990–2011 8.377 8.848 1.259 2.42 C C C
South Africa 1971–2011 1.704 0.575 0.617 1.208 N N N
Sri Lanka 1971–2011 7.649 1.556 1.829 1.865 C N C
Sudan 1971–2011 0.562 0.55 3.532 5.955 N G G
Syrian Arab Republic 1971–2011 0.276 0.02 0.426 0.09 N N N
Thailand 1971–2011 1.828 0.247 0.72 0.016 N N N
Tunisia 1971–2011 1.274 0.982 5.508 7.548 G G G
Turkey 1960–2011 2.223 0.91 0.351 1.321 N N N
Turkmenistan 1990–2011 1.268 0.593 7.446 1.473 G N G
Ukraine 1990–2011 0.512 0.473 5.943 0.977 G N G
Uzbekistan 1990–2011 1.964 1.955 5.677 5.281 G G G
Venezuela, RB 1971–2011 4.715 8.083 0.245 0.267 C C C
Vietnam 1984–2011 0.928 0.782 0.318 0.992 N N C
Yemen, Rep. 1990–2011 4.893 2.474 0.028 0.016 C N C
Zambia 1971–2011 11.555 9.81 1.882 2.7 C C C
Note:
***, ** and * denote significance at 1%, 5% and 10% respectively.
lnEGrowth ⌿ lnECons denotes the null hypothesis: H0: lnEGrowth Doesn’t Granger Cause lnECons.
lnECons ⌿ lnEGrowth represents the null hypothesis: H0: lnECons Doesn’t Granger Cause lnEGrowth.
SR¼Short Run, LR¼ Long Run, N¼ neutral Hypothesis, C¼Conservation Hypothesis, G¼Growth Hypothesis, F¼Feedback Hypothesis
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Table 4
Causal Nexus between lnECons and lnEGrowth (Low Income Countries).
Country Time Period lnEGrowth ⌿ lnECons lnECons⌿lnEGrowth Causality Pattern
SR LR SR LR SR LR Overall
ω¼0.5 ω¼2.5 ω¼0.5 ω¼2.5 ω¼0.5 ω¼2.5 ω ∊ (0, π)
Bangladesh 1971–2011 3.020 1.329 1.468 1.238 N N N
Benin 1971–2011 2.015 0.797 0.030 0.132 N N N
Congo, Dem. Rep. 1971–2011 1.018 0.958 0.294 0.161 N N N
Ethiopia 1981–2011 1.389 2.363 3.159 1.743 N N N
Kenya 1971–2011 0.476 0.460 7.655** 8.143** G G G
Mozambique 1980–2011 12.941*** 0.194 4.389 4.520 C N F
Nepal 1971–2011 7.598** 0.758 0.487 0.081 C N C
Tajikistan 1990–2011 4.369 1.489 9.153** 3.488 G N G
Tanzania 1988–2011 0.923 0.711 41.754*** 1.704 G N G
Togo 1971–2011 1.389 3.085 6.624** 2.567 G N G
Zimbabwe 1971–2011 1.460 2.477 1.100 0.108 N N N
*denote significance at 10% respectively.
Note:
lnEGrowth ⌿ lnECons denotes the null hypothesis: H0: lnEGrowth Doesn’t Granger Cause lnECons.
lnECons ⌿ lnEGrowth represents the null hypothesis: H0: lnECons Doesn’t Granger Cause lnEGrowth.
SR¼Short Run, LR¼Long Run, N¼neutral Hypothesis, C¼Conservation Hypothesis, G¼Growth Hypothesis, F¼Feedback Hypothesis
*** denote significance at 1% respectively.
** denote significance at 5% respectively.
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panel of OECD countries, however, the nature of causality among
the countries varied across the countries.
Table 2 provides the empirical results of causal nexus
between natural logarithm of energy consumption (lnECons)
and natural logarithm of economic growth (lnGrow) for 13 high
income Non-OECD countries using frequency domain approach
at in the short (at low frequency, ω¼0.5) as well as in the long
run (i.e. at high frequency, ω¼2.5) and over all possible values
of frequency, i.e. ω ∊ (0, π).
Note that out of among 13 high income Non-OECD countries,
two countries (Lithuania and Russian Federation) support feed-
back hypothesis in the short run while there does not exist any
country supporting this hypothesis in the long run. The support for
conservation hypothesis is observed in three countries (Bahrain,
Cyprus and Uruguay) in the short run and four countries (Bahrain,
Lithuania, Oman and Uruguay) in the long run. The growth
hypothesis is confirmed in Malta in the short run while the same
hypothesis is supported in the long run in only Saudi Arabia. The
neutrality hypothesis holds in seven countries (Brunei Darussalam,
Hong Kong, Oman, Saudi Arabia, Singapore, Trinidad and Tobago
and United Arab Emirates) in the short run while the same
hypothesis holds for eight countries (Brunei Darussalam, Cyprus,
Hong Kong, Malta, Russian Federation, Singapore, Trinidad and
Tobago and United Arab Emirates) in the long run. Fig. B1 in
appendix provides the plots of Wald statistics over all frequencies
ωA ð0;πÞ for high income Non-OECD countries.
Overall, we can see that out of 13 High Income Non-OECD
countries, feedback hypothesis is observed in 2 of them (Lithuania
and Russian Federation) while growth hypothesis is supported in
3 countries (Brunei Darussalam, Malta and Saudi Arabia). The
conservation hypothesis is confirmed in 6 countries (Bahrain,
Cyprus, Hong Kong, Oman, United Arab Emirates and Uruguay)
while neutrality hypothesis holds only in 2 countries (Singapore
and Trinidad & Tobago).These results are consistent with previous studies findings of
Bassanini and Scarpetta [62], Miketa [63], Kemmler and Spreng
[64], Chien and Hu [65], Jinke et al. [59], Yoo and Lee [66] etc, all of
the studies confirmed the causal nexus between energy con-
sumption and economic growth across the countries.
The results of causal analysis between lnECons and lnEGrowth
using frequency domain analysis for 65 Middle income countries
are presented in Table 3.
Empirical results given in Table 3 reveals that out of 65 middle
income countries, 5 countries (Belarus, Georgia, Kyrgyz Republic,
Macedonia and Romania) support feedback hypothesis in the short
run while 3 countries (Belarus, Georgia and Romania) support the
same hypothesis in the long run. The conservation hypothesis is
observed in 15 countries (Angola, Armenia, Botswana, Ghana,
Hungary, Malaysia, Mongolia, Morocco, Panama, Paraguay, Peru,
Serbia, Venezuela, RB, Yemen, Rep. and Zambia) in the short run
and in 13 countries (Albania, Congo, Rep, Costa Rica, Ecuador,
Ghana, Hungary, Mexico, Pakistan, Panama, Peru, Serbia, Vene-
zuela, RB and Zambia) in the long run. The growth hypothesis
exists in 12 countries (Azerbaijan, Brazil, Cote d'Ivoire, Gabon,
Guatemala, Moldova, the Philippines, Tunisia, Kyrgyz Republic,
Turkmenistan, Ukraine and Uzbekistan) in the short run while the
same hypothesis is supported in the long run in 11 countries
(Azerbaijan, Brazil, Colombia, Egypt, Arab Rep, Guatemala, India,
Iran, Islamic Rep, the Philippines, Uzbekistan, Tunisia and Sudan).
The neutrality hypothesis is observed in 32 countries (Albania,
Algeria, Argentina, Bolivia, Bulgaria, Cameroon, China, Colombia,
Congo, Republic, Costa Rica, Cuba, Dominican Republic, Ecuador,
Egypt, Arab Rep, El Salvador, Honduras, India, Indonesia, Iran,
Islamic Rep, Jordan, Macedonia, FYR, Mexico, Nicaragua, Nigeria,
Pakistan, Senegal, Sri Lanka, Sudan, Syrian Arab Republic, Vietnam
and Turkey) in the short run while the same hypothesis holds for
38 countries (Algeria, Angola, Argentina, Armenia, Bolivia, Bots-
wana, Bulgaria, Cameroon, China, Cote d'Ivoire, Cuba, Dominican
Republic, El Salvador, Gabon, Honduras, Indonesia, Jordan,
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Fig. 1. Summary of the causality hypothesis across the world. Source: Authors’ own construction.
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gal, South Africa, Sri Lanka, Syrian Arab Republic, Thailand, Turkey,
Turkmenistan, Ukraine, Vietnam, Yemen, Rep) in the long run. Fig.
C1 in appendix provides the plots of Wald statistics over all fre-
quencies ωA ð0;πÞ for middle income countries.
Overall, we note that out of 65 middle Income countries,
feedback hypothesis exists in 10 of them (Albania, Angola, Belarus,
Egypt, Arab Rep., Gabon, Georgia, Kazakhstan, Lebanon, the Phi-
lippines, Romania) while growth hypothesis is observed in 14
countries (Azerbaijan, Brazil, Colombia, Cote d'Ivoire, Guatemala,
India, Iran, Islamic Rep., Kyrgyz Republic, Moldova, Sudan, Tunisia,
Turkmenistan, Ukraine, Uzbekistan). The conservation hypothesis
holds in 27 countries (Algeria, Argentina, Armenia, Bolivia, Bots-
wana, Congo, Rep., Costa Rica, Ecuador, El Salvador, Ghana, Hon-
duras, Hungary, Macedonia, FYR, Malaysia, Mexico, Mongolia,
Morocco, Pakistan, Panama, Paraguay, Peru, Serbia, Sri Lanka,
Venezuela, RB, Vietnam, Yemen, Rep., Zambia) while neutrality
hypothesis is confirmed in 14 countries (Bulgaria, Cameroon,
China, Cuba, Dominican Republic, Indonesia, Jordan, Nicaragua,
Nigeria, Senegal, South Africa, Turkey, Syrian Arab Republic,
Thailand).
These results are consistent with the previous studies of Akh-
mat et al. [67], Zeb et al. [68], Arouri et al. [69], Narayan and Smyth[70], Weisz et al. (2006) and Khan et al. [71] in the sense that these
studies confirmed the long-run and causal relationship between
energy and growth across the World.
The empirical results of causal relationship between lnECons
and lnEGrow for 11 low income countries obtained via frequency
domain analysis are reported in Table 4.
Among 11 low income countries, feedback hypothesis neither
holds in the short run nor in the long run for any of these countries
however, does the conservation hypothesis exist in 2 countries
(Mozambique and Nepal) only in the short run. The growth
hypothesis is confirmed in 4 countries (Kenya, Tajikistan, Tanzania
and Togo) in the short run while the same hypothesis holds in the
long run only in Kenya. The neutrality hypothesis is noted in
5 countries (Bangladesh, Benin, Congo, Ethiopia and Zimbabwe) in
the short run while the same hypothesis exists in all low income
countries except Mozambique in the long run. Fig. D1 provided in
appendix contains plots of Wald statistics over all frequencies
ωAð0;πÞ4 for low income countries.
Overall, among 11 low Income countries, feedback hypothesis is
confirmed in only one country (Mozambique) while growth
hypothesis is noted in four countries (Kenya, Tajikistan, Tanzania
and Togo). The conservation hypothesis is observed in one country
(Nepal) only while neutrality hypothesis exists in five countries
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are consistent with the previous studies of Ozturk et al. [72], [58],
Payne [19], Akhmat et al. [73], Khan et al. [74] etc.
Thus, these results have important policy implications across
the globe for maintaining the short, medium and the long run
energy and economic growth related policies. A number of exist-
ing studies emphasized the importance of causality results for
policy discussions, for example,
[75], pp. 167–168),
“From policy perspective, the causality in either direction
between energy consumption and economic growth may have
a significant impact upon energy conservation policies”.
[76], p. 111),
“Knowing the causality relationship between energy con-
sumption and economic growth, it will assist the policy makers
to determine an appropriate policy on energy conservation”.
[77], pp. 53–54),
“The direction of causality between the energy consumption
and economic growth has important policy implications as to
whether an energy conservation policy may or may not be
adopted, depending on the direction of causality”.
[78], p. 31),
“It is important for policymakers to understand the relation-
ship between energy consumption and economic growth in
order to design effective energy an environmental policies”.
The overall results indicate that out of 119 countries across the
globe, 18 countries (including 5 high income OECD, 2 high income
Non-OECD, 10 middle income and 1 low income) confirm the
existence of feedback hypothesis implying a bidirectional causality
between natural logarithm of energy consumption (lnECons) and
natural logarithm of economic growth (lnEGrowth), while, 25
countries (including 4 high income OECD, 3 high income non-
OECD, 14 middle income and 4 low income) confirm growth
hypothesis suggesting a unidirectional causality running from
lnECons to lnEGrowth. The existence of conservation hypothesis is
confirmed in 40 countries (including 6 high income OECD, 6 high
income non-OECD, 27 middle income and 1 low income) implying
that a unidirectional causality exists that runs from lnEGrowth to
lnECons. Finally, 36 countries (comprising of 15 high income
OECD, 2 high income non-OECD, 14 middle income and 5 low
income) hold neutrality hypothesis. i.e., there exists no cause and
effect relationship between lnECons and lnEGrowth. The aggregate
percentage of these hypothesis results has been depicted in Fig. 1
for more clarity.
The empirical results have verified feedback hypothesis, growth
hypothesis, energy conservation hypothesis and neutrality
hypothesis, while using a large sample of 119 countries across the
world. Moreover, the empirical results obtained are technically
and statistically acceptable and plausible for further policy
consideration.4. Concluding remarks
The study focused on the causal nexus between energy con-
sumption and economic growth by using Granger-causality in the
frequency domain approach for 119 countries covering high
income OECD countries, high income Non-OECD countries, MiddleIncome Countries and Low income countries across the world. The
results confirmed the existence of all four causality hypothesis (a.
feedback hypothesis, b. growth hypothesis, c. energy conservation
hypothesis and d. neutrality hypothesis) across the globe. The
study draws following conclusion:
 The study found causal, reverse casual, bidirectional causal and
no-causal relationship between energy consumption and eco-
nomic growth across different frequencies.
 In high income–OECD countries, 5 countries confirm feedback
hypothesis, 6 countries having energy conservation hypothesis,
4 countries show growth hypothesis and 15 countries having
causality independence between energy and growth.
 In high income Non-OECD countries, there are 2 countries
having bidirectional causality, 6 countries show unidirectional
causality running from energy to growth, 3 country show
Granger causality running from growth to energy and there
are 2 countries that confirmed neutrality hypothesis.
 In Middle Income Countries, there are 14 countries having no
cause-effect relationship between energy consumption and
economic growth, while 14 countries confirmed the growth
hypothesis i.e., economic growth Granger causes energy con-
sumption but not vice versa. There are 27 countries possessing
energy conservation polices i.e., energy consumption Grange
causes economic growth and finally, 10 countries exhibit the
feedback relationship between the two.
 Finally, in Low Income Countries, the study found only one
country having feedback hypothesis between energy con-
sumption and economic growth, 4 countries show reverse
causality while 5 of the countries show causality independent
relationship between the variables.
These results have important implications for across the Globe
for managing the objectives of energy conversation policies that
lead to increase economic growth in short and the long run
energy-growth reforms. In particular, based upon the empirical
findings, the following policy implications can be drawn:
For countries where a unidirectional causality running from
economic growth to energy consumption is found, it is suggested
that these countries are less energy dependent economies, and
energy conservation polices may not be harmful to the economic
growth. On the other hand, those countries that have a unidirec-
tional causal relationship running from energy consumption to
economic growth, it is suggested that these economics are energy
dependent, and energy consumption leads to economic growth.
The countries having bidirectional causality between energy and
economic growth implies that economic growth and energy con-
sumption mutually exclusive to each other and both energy con-
sumption and high level of growth stimulates each other. Finally,
those countries having no cause effect relationship between
energy consumption and economic growth indicate that energy
conservation polices should be pursued without affecting the
economic activity of the countries.Appendix
See Appendix Figs. A1,B1,C1,D1
Fig. A1. Causality between lnECons and lnEGrow (High Income OECD Countries).
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Fig. B1. Causality between lnECons and lnEGrow (High Income Non-OECD Countries).
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Fig. B1. (continued)
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Fig. C1. Causality between lnECons and lnEGrow (Middle Income Countries).
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Fig. D1. Causal Nexus between lnECons and lnEGrow (Low Income Countries).
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